Abstract: Peptide coupling of the N-allyl or N-homoallyl a-amino acid esters 6a-d with enantiomerically pure p-C-allylglycine gave access to the dienes 7a-d which were subjected to an olefin metathesis reaction. Thus, the novellactam bridged peptide mimics 8a-d were obtained in good overall yield. Modifications in ring size and substitution pattern of the Homo-Freidinger lactams were demonstrated.
Constrained peptides offer a fascinating challenge to gain insight into molecular recognition processes between peptide ligands and bio-receptors. Thus, the incorporation of peptide backbones into cyclic structures has attracted tremendous efforts on the synthesis of enzyme inhibitors, peptide hormones and neuroreceptor ligands.
I ,2 Among numerous examples, especially Freidinger lactams (Scheme 1, formula A, n = 0) were proven successful. 3, 4In addition, the application of the olefin metathesis reactionS to the synthesis of Freidinger lactams and other cyclic amino acid derivatives was recently demonstrated,6 thus constraining the backbone of a-amino acids by an olefin linker.
On the other hand, the remarkable metabolic stability and the interesting structural properties of~-amino acid derived peptide mimics are well-known. 7 Based on these findings, Homo-Freidinger lactams (formula A, n = 1) were developed, representing conformationally constrained~-amino acid equivalents. s As a part of our program established for the design of~-analogues9 of the dopamine D2 receptor modulating peptide Pro-Leu-Gly-NH 2 (PLG), 10Homo-Freidinger lactam derived tripeptide mimics were shown to adopt~-turn related structures and to induce an increase of affinity at the dopamine D2 receptor. 11 As an extension of our studies towards the synthesis of enantiopure~-amino acid derivatives and the design of secondary structure model systems,12 we wish to present our results concerning the synthesis of unsaturated HomoFreidinger lactams of type B (Scheme 1), when an olefin metathesis is employed as the key reaction step. 
8a-d
4a: R = H, R'=Et; 4b: R = R'= Me; 5a, 6a, 7a: R = R"= H, R'= Et, n = 1; 5b, 6b, 7b: R = R'= Me, R"= H, n = 1; 5c, 6c, 7c: R = H, R'= Et, R"= Me, n = 1; 5d, 6d, 7d: R = R"= H, R'= Et, n = 2
Scheme 2 a) 4-nitrobenzenesulfonyl chloride, NEt 3 , CH 2 Clz, 0°C (70-80%); b) allyl bromide, K2C03, DMF for Sa (92%) and for Sb (95%), 3-bromo-2-methyl-l-propene, K 2 C0 3 , DMF for Sc (94%), 3-butene-I-oj, DEAD, PPh 3 , CHzClz (76%) for Sd; c) PhSH, K 2 C0 3 , DMF (50-80%); d) DCC, HOBt, (S)-N-Boc-3-amino-5-hexenoic acid, CHzC12 (40-94%); e) 9a (10 mol%) or 9b (5 mol%), see Table. Following our plan of synthesis as indicated for B, the metathesis precursors 7a-d were prepared by DCCHOBt induced peptide coupling of (S)-N-Boc-3-amino-5-hexenoic acid'3 with the N-allyl and N-homoallyl amino acid esters 6a-c and 6d, (Scheme 2). In turn, the secondary amines 6a-d were readily available from the natural amino acid derivatives 4a,b by sulfonylation, alkylation of the respective sulfonamides and subsequent thiol-as- The olefin metathesis experiments were performed employing the ruthenium-based catalysts 9a or 9b. 16 Since it is well known that elevated temperatures facilitate ring closure to medium sized rings,17 1,2-dichloro ethane (DCE) at reflux temperature (81 DC) was utilized for all metathesis reactions. In addition, we chose a substrate concentration of 2 mM since this concentration has proved to be sufficient to prevent possible oligomerization processes. 12As a matter of fact, all cyclizations succeeded without any detectable by-products. 18 The synthesis of the azocinone 8a from the diene 7a proceeded with satisfying yield when promoted by Grubbs' catalyst 9a (entry 1). Running the same reaction with the highly active ruthenium complex 9b bearing aN-heterocyclic carbene ligand, an increase of the yield was observed. After this first encouraging results we were happy to obtain the alanine derived azacycle 8b (entry 2), thus showing the possibility to introduce various side chains into the target dipeptidic structures which will be of interest for SAR studies in medicinal chemistry. The catalyst 9b is known to tolerate different substitution patterns of the participating double bonds in metathesis reactions. 19 In fact, starting from the isopropenyl derivative 7c, the cycloolefin 8c could be obtained in 82% yield (entry 3). Variation of the ring size of lac tam based templates is of particular interest for investigating the conformational behavior of peptide mimics. 12Thus, we were happy to accomplish the synthesis of the 9-membered azoninone 8d in 47% and 64% yield from the precursor 7d renouncing any conformational predispositions which might have accelerating effects (entry 4). According to the NMR spectra, the endocyclic double bond of 8d shows cis-geometry, exclusively. Oligomerization products were not observed.
In summary, we have developed a valuable and widely applicable synthetic procedure to lactam-bridged dipeptide mimics exploiting the combination of ex-chiral-pool synthesis and olefin metathesis reaction. The strategy enables the synthesis of the hitherto unknown unsaturated HomoFreidinger lactams. Further investigations are ongoing in our laboratory.
